Introduction
Intellectual disabilities refer to generalised impairments in intellectual functioning and adaptive behaviour that are present before the age of 18. 1 It is estimated that, internationally, around 2% of adults have intellectual disabilities. 2 Adults with intellectual disabilities are often supported by family or paid carers in their daily living, who may act as role models, provide social support and create a health-promoting environment. Carers have been identified by adults with intellectual disabilities as important facilitators of a healthy lifestyle. 3 Adults with intellectual disabilities are a particularly vulnerable and, from a health perspective, neglected group in society, experiencing considerable health inequalities relative to the general population. 4 Studies have shown that adults with intellectual disabilities have low levels of physical activity 5 and poor nutritional habits, 6 leading to a high prevalence of obesity and diabetes. 7 This evidence suggests that increasing physical activity and reducing sedentary time are priorities for reducing health inequalities in this group. 8 Sedentary behaviour has been increasingly recognised as an independent risk factor for premature death and numerous chronic health conditions, including cardiovascular disease, type 2 diabetes and some cancers. 9 The Sedentary Behaviour Research Network has defined sedentary behaviour as activities with energy expenditure ≤1.5 metabolic equivalents (MET) while in a sitting or reclining posture during waking hours. 10 Therefore, sedentary behaviour is distinct from insufficient physical activity, i.e. not meeting physical activity guidelines.
Researchers use different methods to measure sedentary behaviour, and often use proxy measures of total sedentary behaviour, such as time spent watching television (TV). The most common method of assessment of sedentary behaviour in adults who do not have intellectual disabilities is by self-report, using questionnaires or diaries. 11 The objective assessment of sedentary behaviours, with accelerometers or inclinometers, has also become more common recently. On the one hand, subjective measures are prone to reporting and recall bias but provide a useful context on sedentary behaviours (such as TV viewing and time spent travelling in a car) not collected from objective measures. 12 On the other hand, objective measures are more reliable and accurate, although there is some ambiguity on correct data processing rules and also a lack of validation studies in a real-life setting. 12 Therefore, it is generally recommended to combine both objective and self-report measures. 11 Owen et al. presented an ecological model which defines four settings where sedentary behaviour takes place: occupation, transport, leisure time and household. 13 According to the ecological model, sedentary behaviour can be divided into four specific domains: a) TV viewing, b) other screen-focused behaviours in domestic environments, c) sitting in the workplace, and d) sitting in cars or public transports. 13 Each of these domains may have distinct determinants. This ecological model provides a multilevel framework to search for determinants from the individual to society level in the general population, as well as in specific groups, such as adults with intellectual disabilities.
We should not assume that our understanding of the relationships between sedentary behaviour and health in adults who do not have intellectual disabilities directly applies to the lives of adults with intellectual disabilities. For example, since only a minority of adults with intellectual disabilities are in paid employment, the evidence around time spent sedentary in work settings has limited relevance to adults with intellectual disabilities. Since sedentary behaviour is now recognised as an important focus of health improvement research, this study aimed to review the evidence on sedentary behaviour of adults with intellectual disabilities and examine the following questions: 1) How is sedentary behaviour defined?
2) Which methods have been used to measure sedentary behaviour?
3) What is the estimated prevalence of sedentary behaviour?
Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement was used as the basis for this review. 14 A protocol of this systematic literature review was registered with the PROSPERO international prospective register of systematic and given the registration number CRD42015025257.
Search strategy
A search strategy was developed with the help of a biomedical information specialist. The 
Selection of studies
Observational (cross-sectional, case-control and prospective), experimental (randomised controlled and quasi-experimental) and qualitative study designs were all eligible for inclusion. It was decided that, where the main outcome papers were not yet published, papers describing intervention study protocols were eligible for inclusion since they might provide details on definitions and measurement of sedentary behaviour.
To be included in the review, studies had to meet the following criteria:
1. Study sample with participants with intellectual disabilities.
2. Study sample 18 years old or over. For studies that included adolescents and adults, at least, 80% of the total sample had to be 18 years or over.
3. For study samples with mixed types of developmental disabilities and data are presented only for the sample as a whole, at least 50% of the sample had to have intellectual disabilities. Studies were excluded if the proportion of participants with intellectual disabilities was not reported.
4. Measures of sedentary behaviour using objective and/or subjective methods.
Published in English.
6. Published after 01/01/1990.
Studies were excluded on the basis of the criteria below:
1. The only available record was a conference abstract.
2. The paper reported a lab-based study, e.g. to calibrate accelerometer cut-offs.
3. The authors used the term sedentary to mean a lack of physical activity, e.g. less than 5000 steps per day.
Studies were screened for inclusion using the aforementioned criteria in two stages. Cohen's kappa of 0.72, and disagreement was resolved through a consensus discussion.
Data extraction
A data extraction form was designed specifically for this review, piloted and revised before final use. Since this review was not designed to examine the effectiveness of interventions to change sedentary behaviour, only the baseline data from experimental studies was used to examine the question on prevalence. The first author extracted data from all included studies and two other authors independently extracted data from half of the included articles.
Extracted data were compared in meetings and disagreements were resolved through consensus discussion.
Quality assessment
The quality of the included articles was assessed with the Standard Quality Assessment
Criteria for Evaluating Primary Research Papers from a Variety of Fields. 15 Each study has a summary score in the range of 0-1.0, with a higher score representing better quality. The first author assessed the quality of all included articles, and two other authors independently assessed the quality of half of the included articles. Disagreements regarding the quality assessment were resolved through a consensus discussion.
Results
Fig . 1 shows the number of articles retrieved and included at each stage of the search process. The majority of full-text articles were excluded because, although the titles and abstracts indicated sedentary behaviour was measured, the studies actually only reported on not meeting physical activity guidelines or other lack of physical activity, not sedentary behaviour itself.
******************************** insert Figure 1 about here*********************************** Table 1 provides an outline of the 19 papers included in the data synthesis and the quality ratings for the individual studies.
Study characteristics
******************************** insert Table 1 about here************************************ Eleven cross-sectional and eight prospective, longitudinal studies were included from a range of countries including Scotland (7), United States of America (4), Wales (2), Australia (2), France (2), Norway (1) and England (1). One cross-sectional study reported findings from a large (n=1619) population-based sample, 16 two studies used data from 691 adults living in institutions, 17;18 but the majority of included studies recruited small samples (range . The mean age of participants in the included studies ranged from 28.5-48.2 years.
Levels of intellectual disabilities were reported in six studies and causes of intellectual disabilities in eight of the included studies. Table 2 contains the definitions, measurement methods, and prevalence of sedentary behavior reported in each study.
Definitions of sedentary behaviour
Studies included in this review either used a definition that encompasses overall sedentary behaviour or more specific sedentary behaviours, such as TV viewing. Eleven studies focused on overall sedentary behaviour, three used time spent viewing TV or using computers as a proxy definition of sedentary behaviour and four studies included both overall and specific definitions of sedentary behaviours.
Methods of measurement
Several methods for obtaining sedentary behaviours were used, including self-or proxyreport questionnaires, activity diaries, inclinometers, accelerometers, a seven-day recall interview or a combination of more than one method.
Of the 19 included studies, seven studies used self-or proxy-report questionnaires. Disabilities study developed a proxy-respondent questionnaire that measured sedentary behaviour by asking informants to rate how many hours a day the participant with intellectual disabilities watched TV. 16 Of all the questionnaires used, the reliability for use with participants with intellectual disabilities was only reported for the adapted FFAS questionnaire, 17;18 which had adequate test-retest reliability when completed by staff working in the institutions where participants lived. However, reliability data was not provided separately for the questions on sedentary behaviours.
Six studies used activity diaries to measure sedentary behaviours. 24;25-29 In developing the International Physical Activity Questionnaire -proxy respondent (IPAQ-pr)
IPAQ was changed from a seven-day recall questionnaire to an activity diary for completion by carers and will be discussed with other activity diaries below. Only the IPAQ-pr had reliability and validity for categorising whether the participant met recommendations for physical activity levels, 24;26 not for the measurement of sedentary time. The Bouchard threeday diary was a reliable valid measure of overall energy expenditure 28 and the final two studies found that a seven-day activity diary was not reliable. 25;27 Regarding objective data, both accelerometers and inclinometers were used. Two studies 24;29 used the ActivPal inclinometer, whereas Actigraph accelerometers were used in nine studies. 20-23;30-34 Studies differed in defined wear time and specific days of the week included. The two inclinometer studies had a seven-day wear time, with a wear time of at least five days being required by Finlayson et al. 29 All nine studies using accelerometers invited participants to wear the accelerometers for seven days. However, the minimum wear time required for inclusion in the analysis varied across the eight studies. In six studies the wear time cut-off for inclusion was three days of six hours 20-23;33;34 , one study required four days of 10 hours wear time for inclusion 32 and two studies did not report the minimum wear time required for inclusion. 30;31 The cut-off used to define sedentary behaviour based on accelerometer counts also differed across studies. Five of the studies that used accelerometers 20-23;33 used a cut-off < 500 counts per minute (cpm), 35 three studies used a cut off < 100 cpm, 31;32;34 and one study did not specify the cut-off to define sedentary behaviour. 30 Combined objective and subjective data was collected in four studies, 24;20;21;29 with two studies using the combination of inclinometer and activity diaries 24;29 and the other two a combination of accelerometer and questionnaire. 20;21 One study used interviews and asked adults with intellectual disabilities to recall activities at a day centre, from the last seven days. 36 The activities described were categorized as sedentary behaviours based on energy expenditure using the Compendium of Physical Activities (CPA). 37 Activities like passive transportation, arts and crafts, sewing cushion covers, computer work, snooker, watching TV or videos, reading and writing, cooking, or eating were all defined as sedentary behaviour. Although no quantitative data was reported in this study, this was the only study to measure sedentary behaviour in specific settings, 13 and the only study to highlight the contribution of passive transportation to total sedentary time.
Prevalence of sedentary behaviours
**************************** insert Table 2 about here************************************* Quantitative measures of sedentary behaviour could only be retrieved from 11 out of the 19 included studies. In three studies, data on sedentary behaviour was collected but not reported, 16;24;26; in two studies sedentary behaviours were described only qualitatively 29;38 and three studies were protocol papers. This high value may be explained by the use of an inclinometer and the use of a one-second epoch, which is more sensitive in the temporal spectrum, compared to the longer epochs 
Measurement of sedentary behaviours
The complexity and level of abstraction involved in using self-report methods to measure sedentary behaviour is likely to be challenging for many adults with intellectual disabilities.
Therefore, most of the studies that used subjective methods to measure sedentary behaviour were dependent on carers or other proxy-respondents to complete the questionnaires or activity diaries. Subjective methods are commonly used because they are a practical, cost-effective way to collect data on sedentary behaviours. However, the practical benefits of using questionnaires and activity diaries have to be considered against the risks of measurement error. For example, sedentary time measured with a proxy-report questionnaire often did not agree with accelerometer data. 21 Some data suggest that the centre. These gaps in the knowledge of proxy-respondents make it difficult to measure sedentary behaviour across all four settings in the ecological model. 13 Given these potential risks of measurement error, researchers should consider future research to examine whether proxy-report, or other subjective methods have sufficient reliability and validity to measure sedentary behaviour of adults with intellectual disabilities.
The reliability and validity of using accelerometers to measure total sedentary behaviour have not been established for adults with intellectual disabilities. For example, the widely promoted accelerometer cut-off point of <100 cpm works well to define sedentary behaviour in different population groups. 12 However, no studies have examined the validity of the <100 cpm for adults with intellectual disabilities. Lab-based studies have found that adults with intellectual disabilities expend significantly more energy during sedentary behaviours than adults without intellectual disabilities 19;40 and energy expenditure can be underestimated when using accelerometers to measure sedentary behaviour. 19 The reasons why adults with intellectual disabilities expend more energy during sedentary behaviour are not known.
However, overall evidence suggests that a cut-off point at <100pm for sedentary behaviour will significantly underestimate the total sedentary behaviour. Therefore, the three studies that reported significantly higher total sedentary time, based on the < 500 cpm cut-off, provide a more valid measure of sedentary time but this threshold needs to be tested.
20;21;33
Future research on sedentary behaviour using accelerometers and inclinometers need to include adults with intellectual disabilities in order to define and validate appropriate cut-off points for this group.
Prevalence of sedentary behaviours
In studies included in this review, total sedentary time was somewhat higher than in adults without intellectual disabilities. 36 However, most of the studies recruited small samples and none were based on randomly selected samples; therefore, the results are probably not generalisable. The one study that used a large population-based sample of adults with intellectual disabilities 16 collected, but did not report, the actual data for TV viewing time. We are aware of other large epidemiological studies that have also collected, but not reported, data describing sedentary behaviour in this group. 5 Since, at present, we have minimal knowledge about the sedentary behaviour of adults with intellectual disabilities, we encourage researchers to consider whether they have unpublished data that can add to the evidence base.
Strengths and limitations
A first strength of this review was that PRISMA guidance on methods and reporting of systematic reviews was closely followed. Secondly, the two-stage process to decide on the inclusion of papers, and data extraction were all done in duplicate to maximize reliability.
However, the small sample sizes in most of the included studies, and the absence of population based data limits the generalisability of the prevalence of sedentary behaviour data.
Future research
There has been a focus by researchers and policy makers on developing interventions to increase the physical activity levels of adults with intellectual disabilities. This review Additional records identified through other sources (n = 6)
Records identified through database searching (n = 4211) 
METHODS
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number.
5
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.
5-6
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.
5
Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
35-36
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).
5-6
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.
7
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.
Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
RESULTS

Study selection 17
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram.
8, Figure 1 Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. Tables 1 &  2 Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Table 1 Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
DISCUSSION
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers).
12-16
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review.
